Background and Aims. The rs2981582 single nucleotide polymorphism in the fibroblast growth factor receptor 2 gene has been consistently associated with an increased risk of breast cancer. We evaluated the effect of rs2981582 polymorphism in the FGFR2 gene on the risk of breast cancer and its interaction with non-genetic risk factors. Methods. A population-based case-control study was conducted in Mexico. Data from 687 cases and 907 controls were analyzed. Results. The T allele of the rs2981582 polymorphism was associated with an increased risk of breast cancer (OR per allele 5 1.24, 95% CI 1.06e1.46). There was also an interaction between this polymorphism and alcohol consumption ( p 5 0.043). The effect of alcohol consumption on the risk of breast cancer varied according to the allelic variants of the rs2981582 polymorphism in the FGFR2 gene: OR 5 3.97 (95% CI 2.10e7.49), OR 5 2.01 (95% CI 1.23e3.29) and OR 5 1.21 (95% CI 0.48e3.05) for genotypes CC, CTand TT, respectively. Conclusions. This is the first study exploring the association between rs2981582 polymorphism in the FGFR2 gene and breast cancer risk in Mexican women. The interaction found may be of great public health interest because alcohol consumption is a modifiable breast cancer risk factor. Therefore, replication of this finding is of foremost importance. Ó 2013 IMSS. Published by Elsevier Inc.
Introduction
Breast cancer is known to be a partially heritable disease (1, 2) . Rare mutations in several genes including BRCA1 and BRCA2 are associated with a very high risk of breast cancer but account for a small fraction of the disease (3, 4) . Recently, genome-wide association studies (GWAS) identified a series of common polymorphisms associated with a modestly increased risk of breast cancer (5, 6) . However, the utility of these SNPs as risk predictors in the clinic is limited (7) . Understanding gene-environment interactions may help to develop a more detailed risk prediction from these risk factors and thus increase their clinical utility.
One of the strongest and most consistent genetic risk factors for breast cancer is an intronic single nucleotide polymorphism (SNP) in the fibroblast growth factor receptor 2 (FGFR2) gene, rs2981582 (6) . The risk appears to be consistent in Caucasian, (8e13) Asian (14, 15) and Hispanic women living in the United States (16) . FGFR2 rs2981582 is in linkage disequilibrium (r 2 5 1) with FGFR2 rs1219648 (17) . However, to our knowledge, there are no published studies regarding the association between this SNP and the risk of breast cancer in Mexican women. We focused on FGFR2 rs2981582 to replicate a previously published study among Caucasian women (10) .
We tested the association between the rs2981582 polymorphism in the FGFR2 gene and breast cancer risk in Latin American women using data from a large, population-based, case-control study of Mexican women. We also evaluated interactions between known environmental risk factors and FGFR2.
Materials and Methods

Study Population
A population-based case-control study was conducted in Mexico City, Monterrey, and Veracruz from January 2004eDecember 2007. Incident cases (n 5 1000) included women aged 35e69 years with histopathologically confirmed breast cancer. Subjects were recruited from 12 public hospitals: the Mexican Institute of Social Security (Instituto Mexicano del Seguro Social, IMSS, six hospitals), the Social Security and Services Institute for State Employees (Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado, ISSSTE, two hospitals), and the Ministry of Health (Secretar ıa de Salud, SS, four hospitals). Age distribution of eligible women was based on age parameters selected from the Histopathological Registry of Malignant Neoplasia (2002).
Controls were frequency-matched to the cases according to 5-year age groups, affiliation with a health care institution and place of residence. Eligible controls were selected using a multistage method of probabilistic sampling in Basic Geo-Statistical Areas (AGEBSs) located within the catchment area of each participating hospital. A total of 1,594 Mexican cases and controls were genotyped for this study (687 cases and 907 controls).
After informed consent was reviewed and signed by all participants, subjects were interviewed and information was collected regarding their diet, alcohol consumption, lifestyle, reproductive history, personal and family health history including exposure to other factors associated with breast cancer risk. Additionally, anthropometric measurements and venous blood samples were taken from each subject. A more detailed description of the study has been previously published (18, 19) .
Genotyping
Genotyping was performed using iPLEXÔ reagents and protocols for multiplex PCR, single-base primer extension (SBE) and generation of mass spectra per the manufacturer's instructions (for complete details see iPLEXÔ Application Note, Sequenom, San Diego, CA) (20) . Multiplexed assays typically contain between 10 and 36 SNPs. Multiplexed PCR was performed in 5-ml reactions on 384-well plates containing 5 ng of genomic DNA. Reactions contained 0.5 U HotStarTaqÔ polymerase (QIAGEN, Hilden, Germany), 100 nmol primers, 1.25X HotStarTaqÔ buffer, 1.625 mmol MgCl2, and 500 mM dNTPs. Following enzyme activation at 94 C for 15 min, DNA was amplified with 45 cycles of 94 C x 20 sec, 56 C x 30 sec, 72 C x 1 min, followed by a 3 min extension at 72 C. Unincorporated dNTPs were removed using shrimp alkaline phosphatase (0.3 U, Sequenom). Single-base extension was carried out by addition of SBE primers at concentrations from 0.625 mM (low MW primers) to 1.25 mM (high MW primers) using iPLEXÔ enzyme and buffers (Sequenom) in 9-ml reactions. Reactions were desalted and SBE products measured using the MassARRAY Ò Compact System, and mass spectra analyzed using TYPER software (Sequenom) , in order to generate genotype calls and allele frequencies. All samples were genotyped without knowledge about disease status (case/control) by the laboratory personnel.
Quality control (QC) was performed on all DNA using a two-part procedure. If DNA had not been quantitated prior to arrival in the core, DNA was quantitated and normalized using Picogreen Ò and standard methods and normalized to a standard concentration. Quantitative QC (part 1) involved non-allelic quantitative real-time PCR using a single Taqman Ò probe in order to ensure amplifiability of DNA samples. Quality control (part 2) involved genotyping using a balanced polymorphism present in most human populations in order to ensure no cross-contamination of samples.
Genetic ancestry estimation procedure used 106 AIMs and was performed using a multiplex PCR coupled with single base extension methodology with allele calls using a Sequenom analyzer. Samples were genotyped without knowledge about case/control status. The average sample call rate was 98.7%. Duplicate pairs (59) were genotyped and, of these, two pairs were excluded from the mismatch analysis because the call rate for one of the duplicates was low (7% and 26%) compared to the high call rate of most samples in the study. There was one pair that showed 1 mismatch (the call rate for one of the samples in the pair was 77%). At closer inspection, for two of the three pairs, one of the duplicate samples had a low call rate (7 and 26%). The overall error rate without including the duplicate pairs with a call rate of 7 and 26% was 0.02%. All the AIMs were in Hardy-Weinberg equilibrium. An extensive description of genetic ancestry estimation procedure was previously published (19) .
Statistical Analyses
We evaluated the association between rs2981582 polymorphism in the FGFR2 gene and the risk of breast cancer and whether this polymorphism modified the relative risks of breast cancer associated with established breast cancer risk factors (i.e., genetic ancestry); breast cancer in first-degree relatives (yes/no); body mass index (kg/m 2 ); lifetime tobacco smoking of $100 cigarettes (yes/no); occasional alcohol intake of more than one drink within a month over a period of 1 or more years (yes/no); weekly moderate-intensity physical activity (hours); daily caloric intake (kilocalories); socioeconomic status (low, middle, and high); oral contraceptive use once during lifetime (yes/no); age at menarche (years); parity (number of liveborn offspring); age at delivery of first live child (years); complete lactation (months); personal history of benign breast disease (yes/no); menopausal status (pre-/post-menopausal); self-report of diabetes mellitus (yes/no). Genetic exposure was evaluated as a quantitative variable according to the number of additional minor alleles found (0, 1, or 2 for genotypes CC, CT, and TT, respectively). Summary statistics were used to compare cases and controls. Hardy-Weinberg equilibrium of genotype frequencies was assessed in the control group using a c 2 test. Genetic ancestry procedure was based on a threepopulation model that included European, native and African ancestry. We used a maximum likelihood approach (Structure software 2.3.3, University of Chicago) to estimate each participant's genetic ancestry. Socioeconomic status index was defined by possessions as previously published (18) .
To determine statistical association between the exposure variables and breast cancer risk, their interactions, odds ratios (OR) and 95% confidence intervals (CI) were estimated by means of conditional logistic regression multiple models (21) . The following statistical models were constructed: one to estimate the association between the rs2981582 polymorphism and the mentioned factors with the risk of breast cancer and one to evaluate interaction between each established breast cancer risk factor and the rs2981582 polymorphism.
We examined whether FGFR2 rs2981582 modified the association of known environmental exposures and breast cancer risk by categorizing women according to exposuregenotype and use of dummy variables for each category. We examined interaction terms in log-multiplicative genetic models.
Menopausal status was defined as follows. Premenopausal women were those having had their last period within the previous 12 months and those with a history of surgical menopause prior to age 48. Post-menopausal women were those having reached natural menopause ($12 months from date of last period), and women with surgical menopause aged 48 or above. The cut-off age (48 years of age) corresponds to the median age of Mexican women at menopause (22) . The alcohol consumption variable used for the statistical analysis was occasional intake of more than one alcohol drinks within a month over a period of one or more years (yes/no). This variable was chosen because it reflects: a) the chronic exposure suggested as necessary for carcinogenesis induced by certain compounds such as arsenic, and benzene, according to the International Agency for Research on Cancer; (23, 24) and b) the high prevalence of alcohol consumption among Mexican women, and the early age at starting its consumption (18 years) (25) . Considering the previous aspects, we worked under the assumption that having consumed alcohol in the past (occasional intake of more than one alcohol drink within a month over a period of 1 or more years), consumption has persisted during the lifetime of a woman.
Results
The genotype frequencies of the rs2981582 polymorphism in controls were consistent with the expectation under Hardy-Weinberg equilibrium ( p 5 0.361). Table 1 shows the study population characteristics for selected variables. Allele T frequency was 43.6% in cases, and 38.2% in the control group. The prevalence of breast cancer in firstdegree relatives was higher among cases (7.3%) than controls (3.9%). Cases also reported higher daily caloric intake (2170.8 kcal vs. 1832.1 kcal), alcohol consumption (19.7 vs. 10.0%), tobacco smoking $100 cigarettes during lifetime (26.9 vs. 20.5%), high socioeconomic status (44.7 vs. 33.0%), self-report of diabetes mellitus (20.8 vs. 15.7%), personal history of benign breast disease (14.9 vs. 7.0%), and lower weekly moderate-intensity physical activity (9.7 h vs. 15.3 h). Cases were older than controls (52.1 AE 9.8 vs. 51.1 AE 9.2) and other reproductive factors such as parity and lactation were greater among controls than in cases. In unadjusted analyses, European ancestry was higher among cases than controls (0.36 vs. 0.32). Table 2 shows that the rs2981582 polymorphism in the FGFR2 gene was statistically significantly associated with the risk of breast cancer (OR per alelle 1.24, 95% CI 1.06e1.46). When rs2981582 was analyzed as a categorical variable where the reference category corresponded to the wild genotype (CC), the estimated OR was 1.08 (95% CI 0.84e1.39), and 1.63 (95% CI 1.17e2.27) for genotypes CT and TT, respectively (Table 2) .
Other variables significantly associated with breast cancer in multiple models included breast cancer in first degree relatives (OR 5 1.80; 95% CI 1.08e2.99), daily caloric intake (OR 5 1.07 per 100 kcal; 95% CI 1.05e1.09), weekly moderate-intensity physical activity (h) In the interaction analysis (Table 3) , there was a statically significant interaction between the studied polymorphism and alcohol consumption ( p 5 0.043). In the multiple model, the effect of alcohol consumption on the risk of breast cancer was 3.97 (95% CI 2.10e7.49) for those homozygous to the major allele (CC), 2.01 (95% CI 1.23e3.29) for those heterozygous (CT), and 1.21 (95% CI 0.48e3.05) for those homozygous to the minor allele (TT). In the cases, alcohol consumption prevalence stratified by the polymorphism genotype was 19.31, 20.39 and 18.62% for genotypes CC, CT and TT, respectively, whereas in the control group the prevalence was 7.37, 11.08 and 13.67%, respectively. No other interactions were significant.
Discussion
We found that the rs2981582 polymorphism in FGFR2 gene was associated with the risk of breast cancer and that its allelic variants modified the effect of alcohol consumption on the risk of breast cancer. No other statistically significant interactions were found.
The association of rs2981582 with breast cancer risk was previously described among Hispanic women living in the United States (16) . The gene-environment interaction found in our study was previously evaluated in other populations: Japanese women (14) , United Kingdom residents (26) , Caucasian women from the National Cancer Institute's Breast and Prostate Cancer Cohort Consortium (BPC3) (12) and European-American women living in the United States (13). In the first three studies (12, 14, 26 ) current alcohol consumption was used for the analyses, whereas in the casecontrol study conducted by Marian et al. in the United States (13), current/former alcohol consumption was used and no interaction was found. This could be explained because, in our study, occasional intake of more than one alcohol drink within a month over a period of 1 or more years (yes/no) was used. This variable could reflect chronic exposure to alcohol consumption and chronic exposure to certain compounds such as arsenic and benzene has been suggested as necessary for carcinogenesis (23, 24) . Mexican women start consuming alcohol at an early age (18 years) (25) . In the Japanese study, the sample size was similar to ours, the allele T frequency was lower in Japanese than in Mexican women, as observed in cases (30.3 and 43.2%, respectively), and controls (25.9 and 38.4%, respectively). Differences in prevalence of allele T could also explain the interaction term discrepancy between both studies. In addition, none of these studies (12e14,26) included Latin American or Mexican women.
Our findings suggest that the effect of alcohol on the risk of breast cancer is higher in allele C homozygous women and decreases when the number of T alleles increase. This was also observed for the interaction between rs2420946 polymorphism in FGFR2 and family history of breast cancer (14) and between rs3050817 polymorphism in FGFR2 and hormonal replacement therapy (27) . We found no statistically significant interaction between family history of breast cancer and the rs2981582 polymorphism ( p 5 0.160). However, ORs in our study (2.87, 1.56 and 0.98 for CC, CT and TT. respectively) were similar to those in the Japanese study (2.72, 1.37 and 0.30 for CC, CT and TT, respectively) (14) .
Neither the carcinogenetic mechanism related to the rs2981582 FGFR2 gene polymorphism nor alcohol has yet been described (28, 29) . Regarding the FGFR2 gene polymorphisms, there is in vitro evidence that the mechanism is more related to an anti-apoptotic than to a mitogenic effect (30, 31) . This inhibitory effect in the apoptosis could be mediated, in part, by downregulation of the Forkhead O transcription factors (FOXO) synthesis, one of the greatest subgroups in the Forkhead family (32) . FOXO proteins are implicated in apoptosis induction (33) , DNA damage repair (34) , reactive oxygen species (ROS) detoxification (35) and a downregulation of the transcriptional activity of estrogen receptors (ER) a and b (36). The phosphoinositide 3-kinase (PI3K), an intracellular signaling system activated by the FGFR2 receptor activation (37) , downregulates the FOXO transcription factors (38) .
In breast and gastric cancer, SNPs in the FGFR2 gene are associated with the amplification of the gene and with the overexpression of the receptor codified by this gene (39) . Considering that this event could result in an aberrant expression of the receptor (28) and of the PI3K and subsequently in a downregulation of the FOXO synthesis, an interaction is biologically plausible between FGFR2 SNPs and alcohol consumption in the risk of breast cancer. This could be explained, among other mechanisms, by the reduction of ROS detoxification, less DNA repair due to adduct accumulation and loss of the downregulation of the ER transcriptional activity. This interaction is supported by a recent study that suggests the influence of FGFR2 SNPs on mRNA expression levels (40) .
Alcohol consumption is a well-documented modifiable risk factor associated with the risk of breast cancer (41, 42) . According to the World Health Organization, there are about 2 billion people worldwide who consume alcohol (43) . In Mexico, the National Surveys on Addictions have shown an increase in the number of adult women consuming alcohol, particularly in those ingesting four or (44, 45) . Due to the inherent limitations of retrospective casecontrol studies, our findings should be considered with caution. However, our cases were incident and our controls population-based, which increase the validity of our findings.
We found that tobacco smoking had no effect on breast cancer risk once alcohol drinking was included in the model. Therefore, despite the reported oxidative stress secondary to tobacco smoking, its association with breast cancer risk in the present study seems to be fully accounted for by its correlation with alcohol consumption (50% of subjects who reported alcohol consumption smoked).
In our study, oral contraceptive use was not associated statistically significantly with breast cancer risk and was not included in the final analysis in benefit of a parsimonious regression model. Age at first live birth (years) was higher among cases (20.8 AE 8.4) than in controls (20.2 AE 6.5). It was not included in the logistic regression models because it was found highly correlated with parity ( p !0.001).
A quantitative tobacco exposure variable was tested (pack-year, defined as the number of cigarettes smoked per day divided by 20 and multiplied by the number of years that the participant smoked). However, it was not included in the final model because we found low packyear consumption and the difference was not statically significant among the study groups.
Socioeconomic status was associated with native (r 5 À0.25, p !0.001) and European ancestry (r 5 0.25, p !0.001). In the multiple model, both ancestry and socioeconomic status were statistically significant, suggesting that despite the relative overlap between the two variables there might still independently account for other unknown, environmental and lifestyle factors associated with breast cancer risk (46) .
To our knowledge this is the first study that has replicated the association between rs2981582 polymorphism in the FGFR2 gene and the risk of breast cancer in Mexican women; however, its interaction with alcohol consumption needs further research in order to better understand the association between these two variables and its possible interaction with the risk of breast cancer.
